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Doppler sonography of hemodynamic changes of the celiac
artery in chronic active gastritis
Aslı KÖKTENER1, Fatma Gül Cansel TÜRKAY2, Elife ERARSLAN2, Reyhan BAYRAK3,
Sibel YENİDÜNYA3, Kayıhan AKIN1, Dilek KÖSEHAN1, Banu ÇAKIR1

Aim: In this study, we determined how Doppler parameters of the celiac artery (CA) are affected in patients with
chronic gastritis.
Materials and methods: We examined 23 patients (group 1) with chronic active gastritis (diagnosed by endoscopy and
histology) and 19 asymptomatic control subjects (group 2) with duplex Doppler ultrasonography. The patient group
(group 1) was classified in 2 subgroups according to the severity of the inflammation. The second classification was done
according to the presence of the Helicobacter pylori infection within group 1. Mean peak systolic velocity (PSV), enddiastolic velocity (EDV), resistive index (RI), and pulsatility index (PI) of the CA were compared.
Results: The mean PSV and the mean EDV were significantly lower in patients than in controls (P < 0.05). The mean PI
and the mean RI were higher in the patient group than in the controls. However, these differences were not statistically
significant (P > 0.05).
Conclusion: In this preliminary study, patients with chronic active gastritis, regardless of the degree of the inflammation
and the presence of H. pylori, were associated with a decrease in CA flow velocities that could be seen on Doppler
sonography. These data might be useful in understanding the pathophysiology of gastritis and lead the way for future
studies.
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Introduction
Gastric mucosal blood flow supplies oxygen and
nutrients, removes hydrogen ions derived from
hydrochloric acid, and protects mucosa (1). When
the blood supply decreases, mucosal ischemia and
damage develop (1,2).
Previous reports evaluating the gastric flow
studied gastric mucosal flow by using laser Doppler
flowmetry during endoscopy. Laser Doppler
flowmetry is a technique used to assess perfusion
in the skin and other tissues. The Doppler shift
can be analyzed to determine the blood velocity

in the microvessels as used in the large vessels.
The frequencies in the Doppler-shifted spectra in
proportion to the velocity of the blood cells, and the
intensity of signal at each frequency in the spectra, are
proportionate to the number of cells travelling at that
velocity. Both velocity of the blood and volumetric
blood flow can be determined (3). Guslandi et al.
found that mucosal blood flow in chronic gastritis
was reduced regardless of concomitant Helicobacter
pylori infection (3). Wang et al. showed that mucosal
blood flow determined with laser Doppler flowmetry
was significantly slower in a group with active ulcer
than in the normal group (4).
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The aim of our study was to evaluate hemodynamic
changes of the celiac artery (CA), feeding the
stomach, in patients with chronic gastritis as assessed
by transabdominal duplex Doppler ultrasonography.
Materials and methods
We examined 23 patients, aged 18 to 66 years (group
1 = 18 women, 5 men; mean age 45.1 ± 11.6 years),
who underwent upper gastrointestinal endoscopy
for dyspeptic symptoms, and 19 asymptomatic
control subjects, aged 20 to 67 years (group 2 =
14 women, 5 men; mean age 42.3 ± 12.7 years),
with transabdominal Doppler sonography. The
patients were divided into 2 different subgroups.
Group 1a consisted of 17 patients with mild gastric
inflammation and group 1b consisted of 6 patients
with moderate–severe inflammation determined by
endoscopy and histology. The other classification
was done according to Helicobacter pylori infection
within Group 1. Group 1c consisted of 11 patients
with H. pylori infection and group 1d consisted of 12
patients without H. pylori infection. None of these
subjects had cardiac disease, diabetes mellitus, or
hypertension. All diagnosis of chronic active gastritis
and H. pylori was based on endoscopic findings and
histologic examination. Sonographic examinations
were performed before the medical treatment.
Sonography was performed in the morning,
after patients had fasted overnight. Since mesenteric
blood flow reduces with exercise, examinations were
performed under resting conditions, in the supine
position. The entire abdomen was also examined with
a focus on any possible abnormal finding by B-mode
ultrasonography. Neither patient group nor control
group had any liver or splenic diseases. Both B-mode
and Doppler examinations were performed with
a Siemens Sonoline Antares (Germany) equipped
with C5-2 MHz and CH4-1 MHz transducers, or a
Toshiba SSA-270A (Japan) equipped with a 3.5 MHz
transducer, by an experienced radiologist (A.K.)
who was informed of dyspeptic patients but was
unaware of the results of endoscopy and histology.
The CA was evaluated in a short segment before
branching (Figure). The pulse repetition frequency
was optimized to record medium-to-high arterial
velocities. The Doppler angle was kept at less than
60°. The wall filter was set as low as possible to detect
1274

Figure. Duplex sonogram of the celiac artery with normal flow
pattern.

slow diastolic velocity. Peak systolic velocity (PSV),
end-diastolic velocity (EDV), resistive index (RI), and
pulsatility index (PI) were automatically calculated.
Statistical evaluation of the results was performed
using the Mann–Whitney U test. A P-value smaller
than 0.05 was considered significant.
Results
Doppler parameters of the CA in patient and control
groups are shown in the Table. The mean PSV and
mean EDV were significantly lower in group 1 (1.52
± 0.29 m/s and 0.37 ± 0.14 m/s, respectively) than
in group 2 (1.84 ± 0.35 m/s and 0.52 ± 0.19 m/s,
respectively) (P = 0.002 and P = 0.005, respectively).
Although the mean PI in group 1 (1.90 ± 0.92)
was higher than in the control group (1.50 ± 0.47),
the difference between means was not statistically
significant (P > 0.05). Furthermore, although the
mean RI was higher in patients than in controls, the
difference was not significant (0.74 ± 0.10 and 0.71 ±
0.09, respectively; P > 0.05). The mean PSV and mean
EDV were lower in patients with moderate–severe
inflammation (group 1b) than in patients with mild
inflammation (group 1a). However, these differences
were not significant (P > 0.05). The same statistically
insignificant difference was seen between group 1c
(with H. pylori) and group 1d (without H. pylori).
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Table. Doppler parameters of celiac artery in patients with chronic active gastritis (group 1) and in the control group (group 2).
Subgroups of patients are as follows: group 1a = mild gastric inflammation, group 1b = moderate–severe inflammation, group
1c = H. pylori-positive, group 1d = H. pylori-negative.
Group

Mean PSV, m/s

Mean EDV, m/s

Mean RI

Mean PI

1

1.52 ± 0.29

0.37 ± 0.14

0.74 ± 0.10

1.90 ± 0.92

2

1.84 ± 0.34

0.52 ± 0.19

0.71 ± 0.09

1.50 ± 0.47

1a

1.54 ± 0.23

0.39 ± 0.12

0.75 ± 0.09

1.75 ± 0.72

1b

1.46 ± 0.44

0.34 ± 0.17

0.74 ± 0.15

2.35 ± 1.35

1c

1.49 ± 0.35

0.36 ± 0.15

0.75 ± 0.12

2.14 ± 1.13

1d

1.53 ± 0.24

0.39 ± 0.12

0.74 ± 0.09

1.69 ± 0.68

Abbreviations: PSV, peak systolic velocity; EDV, end-diastolic velocity; RI, resistive index; PI, pulsatility index.

Discussion
From the celiac trunk arise the left gastric artery,
the common hepatic artery, and the splenic artery,
giving their branches to the stomach and duodenum.
However, variant hepatic and celiac arterial
anomalies have been reported in the literature (6–8).
Doppler sonography is a valuable tool for the
assessment of the blood flow of the mesenteric
territory. It is portable, quantitative, and noninvasive
(9,10). In patients with inflammatory bowel diseases,
such as celiac disease, Crohn’s disease, ulcerative
colitis, and Behçet’s disease, blood flow velocities and
volumes have been evaluated (11–13). Doppler studies
have shown correlations between splanchnic blood
flow (including superior and inferior mesenteric
arteries) and inflammatory bowel disease (Crohn’s
disease, celiac disease, necrotizing enterocolitis)
(14–20). It is also used to measure the hepatic
artery resistive index, as a Doppler ultrasonography
parameter is used to show microcirculatory resistance
in fatty liver, adult alcoholic liver disease, and chronic
hepatitis, as well as in in obese children to diagnose
insulin resistance and in children with cirrhosis
secondary to biliary atresia (21–24).
In the superior mesenteric artery (SMA), both
the mean flow velocity and the diastolic velocity were
significantly higher and the PI was significantly lower
in untreated celiac patients than in treated celiac
patients or healthy controls. These data showed that
intestinal hyperemia and hyperdynamic mesenteric
circulation occurs in celiac disease due to the
reduction of resistance (11). Erden et al. found that

the mean values of PSV and EDV in the SMA were
significantly higher in patients with ileocecal region
inflammation (25). Bolondi et al. measured the RI of
the SMA in patients with active and inactive Crohn’s
disease and found a statistically significant difference
between values in healthy and acutely ill patients
but no difference between patients with active and
inactive disease (14). Van Oostayen et al. showed that
the Doppler SMA flow was significantly increased
in the active Crohn’s disease group compared to the
inactive patient groups and the control groups (26). In
one study, a substantial increase in inferior mesenteric
artery flow was found in patients with Crohn’s
disease or with ulcerative colitis including active
inflammation of the left colon (27). Symptomatic
patients with gastrointestinal Behçet’s disease had a
significant increase in mesenteric artery flow (12).
The effect of H. pylori on gastric mucosal flow
and nonsteroid antiinflammatory drug (NSAID)induced gastric damage is unclear. Elizalde et al.
showed gastric mucosal flow changes in mice with H.
pylori infection and NSAID-induced gastric injury.
They found that gastric blood flow increased 1 week
after H. pylori infection, but it returned to the basal
level by 4 weeks. NSAID-induced gastric damage was
not seen at an early phase because of this protective
hyperemia (28). In another study, it was reported
that H. pylori infection does not influence the gastric
microcirculation in humans (3). On the other hand,
Kalia and Bardhan stated that H. pylori produces
an inflammatory response leading to vascular
insufficiency, ischemic lesions, and ulcers (29).
Funatsu et al. showed that the presence of gastric
1275
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acid is important in the NSAID-induced decrease
in gastric mucosal flow detected by a laser Doppler
perfusion image system in rats (30). Laser Doppler
flowmetry studies including humans showed that
gastric mucosal blood flow was significantly slower
in an acute ulcer group than in normal subjects (4).
Guslandi et al. also showed that chronic gastritis
reduced gastric blood flow in patients with or without
Helicobacter pylori (3). In one study, a reduction
in gastric mucosal perfusion was seen in NSAIDtreated patients (31). The study of microvasculature
in bioptic specimens of gastric mucosa with chronic
gastritis showed disorders of terminal blood flow
(32). Atuma et al. stated that a factor or a combination
of factors, other than the vacuolating cytotoxin and
the immunodominant antigen released from H.
pylori, might affect the defense of gastric mucosa by
reducing mucosal blood flow (33).

with moderate–severe inflammation was lower than
in patients with mild inflammation, and the flow in
patients with H. pylori was also lower than in patients
without H. pylori. This study is the first evaluating
Doppler blood flow of the CA in chronic gastritis and
showing decreased flow velocities in the CA.

Previous studies have reported the potential
usefulness of Doppler flow in the splanchnic territory.
The authors found that inflammatory processes of the
bowel tend to produce changes in SMA or inferior
mesenteric artery blood flow parameters, reflecting
the hyperemia associated with inflammation. In
our study, although there was inflammation of
the stomach, the blood flow parameters of the CA
did not correlate with the results associated with
inflammatory bowel diseases. We found reduced
flow velocities of the CA in patients with chronic
active gastritis. However, this result correlated with
previous studies including gastritis that showed a
reduced blood flow using the different methods
mentioned above (especially laser Doppler flowmetry
done during endoscopy). Although the differences
were not statistically significant, the flow in patients

Limitation of our study include the small size of
the study; the possibility that the controls who had
not undergone endoscopy might have had chronic
gastritis (however, they were asymptomatic and a
decrease in flow would be a symptomatic clue); and
the fact that reduction of mucosal blood flow should
be confirmed by endoscopic techniques.

Erden et al. stated that changes in vascular
resistance in ileocolic artery branches can change
the waveform of the SMA. In ileocecal inflammation,
the vascular bed enlarges, vascular impedance
decreases, and blood flow velocities increase (25).
In our study, the reduced flow velocities of the CA
may be related to the increased vascular resistance in
the end organ, the stomach. Because of local adverse
effects (increased hydrochloric acid level and/or H.
pylori) on gastric mucosa, microvascularization was
impaired. These changes may alter the waveform of
the CA.

In conclusion, Doppler assessment of the CA may
be helpful in understanding hemodynamic changes
in chronic active gastritis. Whether remission or
suspected relapse may be evaluated by adding
Doppler assessment of the CA to patient followup is a question for future studies, to be performed
on a large number of patients without awareness of
clinical data by the examiner. In addition, Doppler
studies of the CA can further our understanding of
the pathophysiology of gastritis.
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